Introduction
In recent years, the need for antenna miniaturization stems from the fact that most mobile platforms have a limited space for all of the required antennas in ever increasing wireless systems. Intuitively, substrates with high dielectric constants can be used for miniaturization. However these structures easily excite surface waves, thus degrading the performance of the antenna. Another approach for reducing the antenna size is to change the boundary condition of the antenna, either using a shorting pin on a patch [I] or replacing the two short circuits at the end of the resonant slot by inductive or capacitive loadings [2] . Slow wave concept is also a common approach for miniaturizing the antennas. Using the lump elements with periodical arrangement is presented in [3] . The significant reduction in size is obtained, however at the cost of poor performances. In this paper, we propose a miniaturizing method without using lump elements. In general, Splitring resonators (SRRs) are used to form the left-hand transmission line [4] - [8] and we take advantage of its equivalent inductance and capacitance to achieve the slow wave behavior and reduce the size of the slot loop antenna.
Antenna Design
The Split ring resonator (SRR) was first proposed in [4] . It consists of two concentric metallic split rings as shown in Fig. I(a) . When excited by a time-varying external magnetic field directed along the z -axis, its equivalent circuit can be drawn as that shown in Fig. I(b) , where Ls is the self-inductance and Cs is the capacitance associated with each SRR half. Using the above LC characteristics of SRR, we propose a miniaturized slot loop antenna with equal slot width by adding the SRRs underneath the slot as shown in Fig. 2 to reduce the antenna size. The magnetic field in the slot loop can excite SRRs and the equivalent circuit of a unit cell of the antenna with size I shown in Fig. 2 (b) is shown in Fig. 3 . Its dispersion relation is given by [8] cos(PZ)
where La and Ca are the per-section inductance and capacitance of the slot loop antenna, respectively, C s '= L s / {j)~M2 is the equivalent capacitance, in which M is the mutual inductance between slot loop and SRR and OJ 0 is the angular resonant frequency of the SRR. Eq. (I) suggests that for slow waves, the operating frequencies would be lower than the resonant frequency of the SRR. Also, the self inductance Ls of SRR is a key parameter to control the percentage of size reduction.
Simulation and Measurement Results
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The proposed antenna is implemented and tested. The dielectric substrate used is FR4
with dielectric constant Er = 4.3, loss tangent tan 5 = 0.02, and thickness h = 0.8 mm. The antenna is matched to a 50-Q CPW feedline with S = 4 mm and G = 0.3 mm. The size of the unit cell of the SRR is I = 6 mm. All other parameters are listed in Table I . The simulated and measured return losses of the slot loop without SRRs are plotted in Fig.  4(a) , and those of the slot loop with SRRs are plotted in Fig. 4(b 
